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UNDERWATER REINFORCED CONCRETE
SILO FOR OIL DRILLING AND
PRODUCTION APPLICATIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims benefit of provisional application
Ser. No. 61/366,544 filed on Jul. 22, 2010, the disclosure of
which 1s expressly incorporated herein by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

Not applicable.

BACKGROUND

This disclosure relates to offshore drilling and production
operations 1n general and more specifically to a multi-cell
reinforced concrete circular silo wherein ocean/lake drilling,
and production takes place.

Concrete offshore structures are mostly used 1n the petro-
leum industry as drilling, extraction, or storage units for crude
o1l or natural gas. Such large structures house machinery and
equipment needed to drill and/or extract o1l and gas. But
concrete structures are not only limited to applications within
the o1l and gas industry. Several conceptual studies have
shown recently, that concrete support structures for ofishore
wind turbines are very competitive compared to common
steel structures, especially for larger water depths.

Depending on the circumstances, platforms may be
attached to the ocean floor, consist of an artificial 1sland, or be
floating. Generally, offshore concrete structures are classified
into fixed and tloating structures. Fixed structures are mostly
built as concrete gravity based structures (CGS, also termed
as caisson type), where the loads bear down directly on the
uppermost layers as soil pressure. The caisson provides buoy-
ancy during construction and towing and acts also as a foun-
dation structure 1n the operation phase. Furthermore, the cais-
son could be used as storage volume for o1l or other liquids.

Floating units will be held 1n position by anchored wires or
chains 1n a spread mooring pattern. Because of the low stiil-
ness 1n those systems, the natural frequency 1s low and the
structure can move 1n all six degrees of freedom. Floating
units serve as productions units, storage and offloading units
(FSO) or, for crude o1l or as terminals for liquefied natural gas
(LNG). A more recent development 1s concrete sub-sea struc-
tures. Concrete offshore structures show an excellent perfor-
mance. They are highly durable, constructed of almost main-
tenance-free material, suitable for harsh and/or arctic
environment (like ice and seismic regions), can carry heavy
topsides, often offer storage capacities, are suitable for soft
grounds and are very economical for water depths larger than
150 m. Most gravity-type platiorms need no additional fixing
because of their large foundation dimensions and extremely
high weight.

The Deepwater Horizon o1l spill (also referred to as the BP
o1l spill, the Gulf of Mexico o1l spill, the BP o1l disaster, or the
Macondo blowout) 1s an 01l spill in the Gulf of Mexico, which
flowed for three months 1n 2010. It 1s the largest accidental
marine o1l spill 1n the history of the petroleum industry. The
Deepwater Horizon rig 1s a fifth-generation, dynamically
positioned, semi-submersible mobile offshore drilling unit
capable 1n water up to 10,000 1t deep. The spill stemmed from
the Apr. 20, 2010 blowout of the Mocando well resulting in
loss of main power, explosions and uncontrollable fire
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onboard the Deepwater Horison. The disabled drill rig began
to drift away from the wellhead and the drill pipe that was
stretched between the rig and the well head separated at the
blowout preventer increasing the flow of o1l into the gulf. On
Jul. 135, 2010, the leak was stopped by capping the gushing
wellhead after 1t had released about 4.9 million barrels (780,
000 m>) of crude oil. An estimated 53,000 barrels per day
(8,400 m>/d) escaped from the well just before it was capped.
The spill caused extensive damage to marine and wildlife
habitats and to the Gulifs fishing and tourism 1ndustries.

Thus, while technology ever advances in permitting access
to offshore o1l deposits, drilling 1n such marine environments
1s not without substantial risks. There certainly 1s a need for
01l dnlling and production technology that minimizes the
risks of incidents similar to the Macondo incident and exhib-
its much improved o1l spill containment ability. It 1s to such
need that the present invention 1s addressed, including a struc-
ture that can completely contain a 780,000 m” oil leak.

SUMMARY OF THE DISCLOSUR.

L1l

Disclosed 1s a multi-cell reinforced concrete circular 1n
horizontal cross section silo for deep underwater o1l and gas
well drilling and production applications 1n waters of, say,
+5,000 feet deep. Drlling for o1l takes place from the bottom
of the silo (top of foundation) using modified landside equip-
ment. The spillage risks associated with the disclosed silo are
comparable to the risks associated with land based drilling
systems, which are significantly lower than the risks associ-
ated with current systems capable of drilling for o1l at such
water depths.

Broadly, disclosed 1s a reinforced concrete circular silo
with foundation slab seated 1nto the seabed where ballast and
buoyancy result in an acceptable bearing pressure on seabed
material and where overturning moments and shear forces
resulting from wind and water actions on the silo are resisted
by passive soil resistance and a system of steel piles and steel
anchors deriving support from competent seabed base mate-
rial.

The silo will be constructed on location starting with the
foundations followed by the walls, the service platforms, and
the balance of construction. This disclosure does not envision
or require the use of a dry dock.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the nature and advantages of
the present apparatus and method, reference should be had to
the following detailed description taken 1n connection with
the accompanying drawings, in which:

FIG. 1 shows an overall cross section elevation of the silo;

FIG. 2 1s a cross-sectional view taken along line 2-2 of FIG.
1

FIG. 3 1s a cross-sectional view taken along line 3-3 of FIG.
1

FI1G. 4 1s a cross-sectional view taken along line 4-4 o1 FIG.
1,

FIG. 5 1s a plan view of FIG. 6;

FIG. 6 shows a schematic section elevation of the floating
work platform and the silo foundation form prior to place-
ment of concrete;

FIG. 7 shows a schematic section elevation of the floating
work platform and the silo foundation after placement of
concrete;
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FIG. 8 shows a cross section elevation during construction
of the silo showing the working floating platforms and steel

forms for the interior and exterior annular walls; and

FI1G. 9 1s a plan view of FIG. 8.
These drawings will be described 1n further detail below.

DETAILED DESCRIPTION OF THE SILO

Concrete silo for offshore drilling and production opera-
tions includes a reinforced concrete foundation embedded
into sea bed and secured by steel piles and steel anchors
embedded into the seabed. An exterior vertical reinforced
concrete wall 1s supported by the foundation. An interior
vertical reimnforced concrete wall 1s supported by the founda-
tion and houses a central cell. A series of radial shear walls
extend between the exterior concrete wall and the interior
concrete wall to form a series of perimeter cells. The silo
walls support a roof and a series of horizontally extending,
service platforms. A series of vertical well casings extend
through the concrete foundation and down 1nto the seabed.

The disclosed silo, then, consists of foundations, walls,
root, and, for example, three (3) service platforms with office
and personnel space cantilevered off the exterior face of the
silo. A brief description of each component follows. The
number of components and their dimensions are illustrative in
this disclosure and are not a limitation thereon. The skilled
artisan will be able to design, engineer, fabricate, install, and
use the disclosed silo at various ocean/lake depths at different
geographical locations under varying circumstances based on
the disclosure set forth herein.

The silo foundation consists of a reinforced concrete slab
150 1t 1n diameterx20 1t thick. A structural steel skirt extend-
ing 40 feet below the bottom of the foundation 1s provided for
foundation buoyancy during early stages of construction and
for proper seating ol the foundation into seabed material.
Buoyancy will be achieved and adjusted by pumping com-
pressed air into the body of water enclosed by the skirt.

The foundation incorporates forty five (45) 2-1t diameterx
33 {t long steel pipe 1nserts to provide means for accurately
locating and installing the casings used in drilling the o1l wells
through the foundation slab after the completion of silo con-
struction. The foundation also incorporates one hundred sev-
enty six (176) structural steel inserts in the shape of a steel pile
cutout to provide means for accurately locating and installing
the piles. The foundation also includes steel pipe sleeves for
accurately locating and 1nstalling steel anchors, 11 required.
The inserts and the sleeves eliminate the potential for inter-
terence with the reinforcing steel and other items and ensure
accurate placement of each item. The concrete for the silo
toundation will be placed 1n one 13,090 cubic yard continu-
Ous pour.

The silo walls consist of an exterior wall having 134 {t
inside diameter and 8 {t in thickness, and an interior wall
having 86 1t inside diameter and 8 1t thickness. Eight (8) radial
shear walls located at 45 degrees center-on-center (“c/c”)
connect the exterior and the interior walls. The total height of
s1lo wall 1s £5,080 1t for water having a depth of nominally
5,000 1t. The s1lo wall will be constructed 1n 8 1t high lifts with
the concrete of each lift placed 1n one 1,910 cubic yard con-
tinuous pour.

To ensure that water will not enter the interior of the silo
through the construction joints between pours, a structural
steel water-stop placed 1n the top of each pour and projecting
8 inches 1nto the pour above will be placed at each construc-
tion joint including the joint between the top of the foundation
and the wall, and the joint between the top of the wall and the
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rool. An appropriate bonding agent will be applied to the
surface of the joint and the water stop plate, 11 required.

After the silo wall construction 1s complete and the silo 1s
seated on or 1nto appropriate seabed material, the steel piles
and the steel anchors will be installed utilizing landside

equipment. The silo roof and any remaining work on the
service platforms will be completed next and the personnel
and oflice space will be completed last. The structural/me-
chanical/electrical work for o1l well drilling and production
takes place at that point.

Operational Considerations

A silo, 10, consists of one central cell, 12, and eight perim-
cter cells, such as perimeter cells, 14 and 16, constructed on
top of a circular foundation, 18, seated on or 1into adequate
seabed material, 20, and extending above the water surface,
21, as schematically depicted 1n FIGS. 1 through 9. Si1lo 10 1s
defined by an annular exterior silo wall, 22, an annular 1nte-
rior silo wall, 24, and eight (8) radial walls, 25a-25/. After
completion of construction, silo 10 will mitially house well
drilling operations. After well drilling 1s completed, o1l pro-
duction and storage also can begin within the confines of silo
10.

In the present illustrated configuration, all the wells are
located within central cell enclosure 12, such as shown in
FIG. 3. With a slightly different arrangement, wells could be
located 1n one or more perimeter cells, such as perimeter cells
14 and 16. Such arrangement would make 1t possible to start
o1l production incrementally. In other words, o1l production
could start in perimeter cells while well drnilling continues 1n
the central cell 12 or vice versa.

The disclosed configuration 1s based on operating 1n a
water depth of £5,000 {t. The disclosed configuration can be
scaled up to permit operation at a water depth of £10,000 ft.
The disclosed configuration can be scaled down to permit a
cost effective structure for operating in a water depth much
less than 5,000 1t. In the present configuration, central cell 12
has forty-five (45) well casings, such as 1s illustrated by well
casing pipe mserts 26, embedded 1n silo foundation 18. Cen-
ter to center spacing of casings 1s £9'-10". The diameter of silo
10 can be scaled up or down to accommodate a different
number of well casings.

Riser lines from the wells could be supported off the inte-
rior surface of annular wall 24 of central cell 12 or could be
re-routed through the perimeter cells. O1l and gas processing
equipment could be located on structural steel floor(s) at an
approprate distance above silo foundation 18, on a silo roof,
28, or on one the service platforms, 48a-48¢. The disclosed
configuration admits of the possibility of locating an o1l refin-
ing system within central cell 12.

The pernmeter cells will be utilized for personnel access to
the work areas, transport of equipment 1n and out of the work
areas, storage of o1l and other fluids and solids associated with
drilling and production, ballast required to ensure proper
seating of silo foundation into seabed floor, routing of riser
pipes to o1l storage or to surface facilities, HVAC, and utility
and power lines.

The following 1tems will be most likely located on silo
roof, 28:

Cranes, hoists, etc., for transporting equipment 1n and out

of silo 10.

Helicopter pad.

The following items will be most likely located in the
personnel and oifice space, 11, supported off (cantilevered)
the exterior surface of silo 10, as schematically shown in FIG.
1:

Personnel support and services.

Control rooms.

Machine shop.

Once the construction of silo 10 1s completed, drilling of

wells will be performed from the bottom of the silo utilizing
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modified land-based drilling systems. Drilling multiple wells
simultaneously should be considered, as it may result 1n sig-
nificant savings.

Locating riser and utility pipes within the perimeter cells
makes them accessible for inspection and monitoring all the
time. In a worst-case scenario, if a riser line ruptures, the
resulting fire and the released fluids will be contained within
the confine of the cell where the failure occurred. The affected
cell could be tlooded easily with seawater and the fire put out.
This disclosure envisions constructing fire tloors at appropri-
ate locations to help control fire spread and to facilitate flood-
ing with water. Adequate HVAC creates a work environment
at the base of the silo very comparable to, or better than, the
work environment of land-based operations.

Design and Construction

The disclosed silo 1s the first reinforced concrete offshore
structure specifically designed to be constructed and operated
in deep water at depths of £5,000 1t. With appropriate scaling
up, this design can be extended to water depths of £10,000 {t.

This silo 1s the first reinforced concrete gravity offshore
structure designed to be constructed and operated 1n water
depth of 5,000 1t (x£) with the weight of the silo and 1its
contents resisted by a combination of buoyancy and founda-
tion bearing on and into the seabed, and lateral loads and
overturning moments due to water and wind actions resisted
by passive soil resistance, steel piles, and steel anchors.

Lateral loads due to wind, water currents, and wave action
will subject the silo to significant horizontal shears and over-
turning moments. Steel piles, 30, and steel anchors 32, as
schematically depicted 1n FIGS. 1 and 3, will resist silo base
shear and overturning moments. Steel piles 30 and steel
anchors 32 are illustrative thereof. The length and the allow-
able load capacity of the piles will be determined by a geo-
technical investigation of the seabed material. Silo 10 will be
embedded an appropriate distance into competent base mate-
rial, seabed 20, to ensure adequate passive soil resistance.
Steel piles 30 and batter steel piles or anchors 32 minimize the
risks of total and differential settlement commonly encoun-
tered 1in gravity concrete offshore structures seated on or in
seabed maternial and the damage such settlement does to the
piping systems 1n the facility.

Silo 10 1s designed and constructed to resist £312,500
pounds per square It of hydrostatic water pressure near the
bottom of silo 10. Silo foundation 18 consists of a remnforced
concrete slab 150 1t 1n diameterx20 it thick. A structural steel
skirt, 34, extending 40 feet below the bottom of foundation 18
1s provided for foundation buoyancy during 1nitial construc-
tion and for proper seating of the foundation into seabed
material 20. Buoyancy will be adjusted as needed by pumping,
compressed air 1 the body of water enclosed by skart 34.

Si1lo foundation 18 will be constructed over water utilizing
a tloating work platform, 36, as schematically depicted 1n
FIGS. 5, 6, 7, and 8. Floating work platform 36 will be
fabricated 1n sections and transported by barges to the con-
struction site. Floating work platform 36 will be field
assembled by bolting or other means. The position of floating
work platform 36 relative to silo foundation 18 and wall 22
will be controlled by buoyancy. Silo 10 1s designed and con-
structed with foundations floating 1n water. No dry dock con-
struction 1s required.

S1lo 10 1s unique 1n that it 1s a reinforced concrete offshore
structure seated on or 1n seabed material where deep founda-
tions (steel piles and steel anchors) are installed after the silo
foundations are seated on or in seabed material (through
sleeves 1n the foundation slab).

The foundation forms, such as form 38, will be shop fab-
ricated from structural steel plate, as schematically depicted
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6

in FIGS. 6 and 7. Foundation inserts will be shop welded to
the forms and all reinforcing steel will be shop placed 1n the
forms. The assembled foundation form will be loaded on a
barge and transported to the site for placement of concrete.
This disclosure envisions placing the foundation concrete 1n
one 13,090 cubic yard continuous pour. A floating work plat-
form, 36, sits atop water surface 21 to aid 1n the concrete pour
(see also FIG. 8).

Silo foundation 18 incorporates forty-five (45) 2 1t diam-
cterx33 It long steel pipe inserts (pipe msert 26), as schemati-
cally depicted in F1IGS. 1, 3, 5, 6, 7 and 8. The inserts will be
utilized as a guide for installing the casing used 1n drilling the
o1l wells. By pre-positioning the pipe iserts in the foundation
before pouring concrete, significant cost savings are achieved
and the accuracy of pipe placement 1s assured. Furthermore,
interference with foundation reinforcing and the steel piles 1s
avoided, yet another cost savings. The pipe 1nserts will be
filled with an appropriate type of concrete and provided with
cover steel plates to prevent water from flowing through the
inserts mnto silo central cell 12 during construction.

Silo foundation 18 incorporates one hundred seventy six
(176) steel piles (see illustrative piles 30) for transmitting
foundation loads due wind and water actions to the seabed
material. These piles will be 1nstalled after silo 10 15 posi-
tioned at 1ts final location and properly seated seabed material
20. To accurately position and install the piles 1n place, struc-
tural steel sleeves are incorporated 1n the shape of a steel pile
cutout to be positioned 1n the silo foundation forms belore
placing the concrete. The sleeves provide the means of accu-
rately locating and installing the piles 30 through the silo
foundation 18 and will eliminate the potential for interference
with the reinforcing steel and the batter steel piles or anchors
32. Pile driving will be performed using land-based systems.
Structural steel framing installed at an approprate level
above the foundation will be configured as required to facili-
tate pile driving. The merit of simultaneously driving multiple
piles 1s to be considered.

The concrete for the silo walls, such as walls 22 and 24, will
be placed (poured) 1n 8-foot high lifts with the objective of
placing three (3) lifts per day. The 8-foot high forms, 27a-2714,
for each lift, schematically 1llustrated 1n FIGS. 2 and 9 (heavy
lines 1n FI1G. 2), are fabricated and assembled 1n the shop and
all reinforcing steel and 1nserts are placed 1n the form. These
forms are stay-in-place forms. Each form assembly 27 1is
loaded on a barge and transported to the construction site. The
lift assembly 1s lifted by crane and secured 1n position and the
concrete placed. To ensure that water does not penetrate to the
interior of the silo through the construction joints between the
lifts or through the construction joint between the foundation
and the wall, a steel plate water-stop capable of resisting the
maximum anticipated water pressure would be fabricated and
installed at all wall joints (illustrated by a water stop, 42, 1n
FIG. 8).

To ensure sale access to the construction work area, motor-
1zed climbing work platiorms, illustrated by climbing work
platiorms 44, 45, and 46, are provided for central cell 12, the
cight (8) perimeter cells, and on the exterior surface of silo 10
as schematically depicted 1n FIG. 8.

Root 28 and service platforms 48a-48¢ will each consist of
a cast-in-place reinforced concrete slab 50 supported on steel
deck form 52 and a series of structural steel beams 54 as
schematically depicted 1n FI1G. 4. The steel deck and the steel
beams will be fabricated and assembled 1n the appropnate
wall liit forms 1n the shop.

An mmportant advantage of this disclosure 1s a vertically
stiff silo structure that limits sway under wind and water
loading to acceptable limits. The multiple cell arrangement
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with the radial shear walls, as depicted 1n FIGS. 1 through 3,
1s a key component of the disclosure 1n that regard.

Another important advantage of this disclosure 1s an opti-
mized thickness of the silo walls. Again, the multiple cell
arrangement depicted in FIGS. 1 through 3 provides the abil-
ity of load sharing between the exterior and interior annular
s1lo walls which helps optimizing the thickness of both walls.

A Turther advantage of this disclosure is a silo that retains
its circular shape during the construction of the 5,000 1t plus
wall and considering the fact that the silo 1s floating 1n water
during construction. The multiple cell arrangement of this
disclosure helps maintain the circular shape of the horizontal
cross section of the silo during construction.

Another advantage of this disclosure 1s to ensure that trans-
lation or rotation (spiral) of the vertical centerline of the silo
wall remains within acceptable limits, considering the fact
that the silo 1s floating in water during construction. The
left-in-place structural steel wall forms help 1n maintaining
the vertical and rotational (spiral) alignment of the vertical
centerline of the silo.

An advantage of this disclosure 1s a structure that 1s able to
resist hurricane loading during construction with minimal
damage. The left-in-place structural steel wall forms play a
key role in meeting this objective. It 1s the intent of this
disclosure that within 24 or 36 hours of a hurricane warning,
the structural system (concrete and structural steel) would
have developed sullicient strength to safely resist anticipated
loading.

While the invention has been illustrated by a specific silo
height and diameter, 1t will be understood that such descrip-
tion 1s not 1mitative of the present disclosure. Also, while a
pour-in-place concrete silo has been described, the disclosed
s1lo 1s flexible enough 1n design that the contractor also could
use precast concrete to construct the silo. Precast concrete
may reduce the time for offshore construction of the silo,
which 1s extremely expensive. The disclosed silo 1s flexible
enough 1n design that the contractor also could use structural
steel to construct the silo. Structural steel may be appropriate
for mobile applications as 1n the case of offshore drilling
operations. The skilled artisan also will appreciate that the
disclosed silo could be used for mining, research, and other
operations on the seabed floor.

Dynamic positioning consists of a series of propellers or
thrusters (similar to boat or ship propellers) that are con-
trolled by a computer to keep a tloating structure at location
using GPS or other techniques. Almost all floating offshore
facilities have some degree of dynamic positioning. For the
present application dynamic positioning will keep the silo at
location by applying the forces necessary to resist water cur-
rent, wind, etc. During operation, dynamic positioning can be
used to control sway. This 1s unique for concrete structures
since all past applications were 1n relatively shallow water.
For 10,000-foot water, 1t will be likely that such a system may
be needed. One embodiment would use a series of perma-
nently mounted propellers spaced at 500 ft+. Thus, this dis-
closure also envisions the use of dynamic positioning to keep
the floating silo at location during construction and to limit
sway during operation, if required.

While the apparatus and method has been described with
reference to various embodiments, those skilled 1n the art will
understand that various changes may be made and equiva-
lents may be substituted for elements thereol without depart-
ing from the scope and essence of the disclosure. In addition,
many modifications may be made to adapt a particular situa-
tion or material to the teachings of the disclosure without
departing from the essential scope thereof. Therefore, 1t 1s
intended that the disclosure not be limited to the particular
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embodiments disclosed, but that the disclosure will include
all embodiments falling within the scope of the appended
claims. In this application all units are in the American unit
system unless otherwise indicated, and all amounts and per-
centages are by weight, unless otherwise expressly indicated.
Also, all citations referred herein are expressly incorporated
herein by reference.

I claim:

1. Underwater concrete silo for offshore drilling and pro-

duction operations, which comprises:

(a) a reinforced concrete foundation secured at or into the
seabed and, 1f required for resistance to wind and water
actions, steel piles and batter steel piles or anchors
embedded into the seabed;

(b) an annular exterior vertical reinforced concrete wall
supported by said foundation;

(¢) an annular interior vertical reinforced concrete wall
supported by said foundation and housing a central cell;

(d) a series of radial shear walls extending between said
annular exterior concrete wall and said annular interior
concrete wall to form a series of perimeter cells; and

(¢) a roof and series of horizontally extending service plat-
forms supported oif said annular outer concrete wall and
said annular inner concrete wall,

the underwater concrete silo embedded 1nto the seabed an
appropriate vertical distance, where the weight of the under-
water concrete silo including ballast exceeds the buoyancy
force on the underwater concrete silo, where the weight of the
underwater concrete silo including ballast and buoyancy sub-
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overturning moments and shear forces resulting from wind
and water actions on the underwater concrete silo subjects the
seabed to appropriate passive pressures.

2. The underwater concrete silo of claim 1, additionally
comprising;

(1) a series of vertical well casings extending through said
concrete foundation and down 1nto said seabed for seat-
ing the silo mto the seabed and for drilling and produc-
tion operations;

(g) personnel and office space cantilevered oif the exterior
face of the silo.

3. The underwater concrete silo of claim 1, having a height

of up to about 10,000 feet.

4. The underwater concrete silo of claim 3, having a height
of up to about 35,000 feet.

5. The underwater concrete silo of claim 1, wherein there
are at least 8 perimeter cells.

6. The underwater concrete silo of claim 1, wherein struc-
tural steel waterstop assemblies prevent water seepage 1nto
the silo.

7. The underwater concrete silo of claim 1, which 1s circu-
lar 1n horizontal cross section.

8. The underwater concrete silo of claim 1, wherein said
rool supports one or more of cranes, hoists, and a helicopter
pad.

9. The underwater concrete silo of claim 1, wherein said
service platforms house o1l and gas processing equipment.

10. The underwater concrete silo of claim 2, wherein said
personnel and oiffice space house one or more of offices,
control rooms, and machine shops.

11. The underwater concrete silo of claim 1, which 1s a
cast-in-place concrete structure.

12. The underwater concrete silo of claim 1, which 1s a
precast concrete structure.

13. The underwater concrete silo of claim 1, which 1s a
combination of cast-in-place concrete, precast concrete, and
structural steel structure.
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14. The underwater concrete silo of claim 1, wherein
dynamic positioning assists in limiting sway during construc-
tion or operation.

15. The underwater concrete silo of claim 1, wherein thick-
ness of said annular exterior vertical reinforced concrete wall
and of said annular interior vertical reinforced concrete wall
varies with height of said concrete silo.

16. The underwater concrete silo of claim 1, wherein each
said annular exterior vertical reinforced concrete wall and
said annular interior vertical reinforced concrete wall are
formed 1n defined vertical height sections using stay-in-place
steel liners.

17. The underwater concrete silo of claim 16, wherein said
defined vertical height sections are about 8 feet.

10

18. The underwater concrete silo of claim 1, which 1s 15

formed about the water surface.
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